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Orv: OF THE GREAT DEVELOPMENTS of the 
era which is now beginning is the emergence of 
the field of study known by various names but 
conveniently designated as molecular biology. 
The structures of the macromolecules found in 
living organisms—notably the proteins, the 
nucleic acids and the nucleoproteins including 
the simpler viruses—are being unraveled with a 
fineness of detail which was unapproachable 
until a few years ago. As these complex and subtle 
structures become elucidated, we may expect the 
detailed mechanism of the interaction of enzymes 
with their substrates to become clear, and the 
processes of intermediary metabolism to be 
interpretable at a much deeper level than is 
possible today. The consequences of such insight 
will be far reaching, probably to an extent beyond 
our present conception. Such knowledge should 
lead, among other things, to the establishment 
of a truly rational basis for the science of phar- 
macology, and a detailed elucidation of the mech- 
anism of antigen-antibody interactions. One of 
the great hopes, the fulfillment of which now ap- 
pears to be within reach, is the achievement of a 
knowledge of the finer elements of structure 
and sequence in the hereditary material and the 
transmission of the information it contains to 
the biosynthesis of the enzymes and other pro- 
teins, and indeed the whole chain of biochemical 
events. 

These developments are only in their be- 
ginning, but already they have led, in the hands 
of our first speaker, Dr. Kendrew, to a definite, 
though fuzzy, three-dimensional picture of the 
structure of one protein, myoglobin, which is of 
great physiological importance. He is con- 
tinuing his x-ray diffraction studies, and a far 


1 Atlantic City, N. J., April 14, 1959. 


sharper and more detailed three-dimensional 
picture of myoglobin may emerge in the near 
future. | may add that Dr. M. F. Perutz in the 
same laboratory long ago undertook the even 
more arduous and difficult study of the structure 
of hemoglobin, with its four interacting heme 
groups, by x-ray methods, and there is good 
reason to hope that a three-dimensional structure 
for hemoglobin will soon be obtained from his 
work. 

From various chemical approaches a picture 
is now beginning to emerge of the configuration 
of the active site in certain enzymes. The picture 
is, of course, very incomplete, and it deals with 
only a small portion of the whole enzyme mole- 
cule, but even this is of the first importance. One 
of the most penetrating studies of this sort has 
been concerned with the nature of the active 
center in cholinesterase, which has been carried 
out by Dr. Irwin B. Wilson. This will be the 
subject of the second lecture of the evening. 

The structure of the genetic material, first 
analyzed in terms of the linear order of the 
genes by T. H. Morgan and his associates, has 
been analyzed with hitherto unparalleled fineness 
of detail by Dr. Seymour Benzer, a physicist who 
turned to biology and has proved himself a 
master of genetic experimentation and of the 
biochemical techniques which were necessary for 
a solution of his problems. Unfortunately, due to 
illness, Dr. Benzer is unable to be present this 
evening. His absence is a great loss to us, but 
fortunately Dr. Francis H. C. Crick of Cam- 
bridge University, at present a visiting professor 
at Harvard, has agreed to speak this evening 
about the significance of Benzer’s work and to 
give his own impression of the future prospects 
for progress in the field in which biochemistry 
and genetics are becoming merged. 
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STRUCTURE AND FUNCTION IN MYOGLOBIN AND 
OTHER PROTEINS 


J.C. KeENDREW 


Medical Research Council Unit, Cavendish Laboratory, University of Cambridge, England 


W. HAVE Now reached a point at which 
studies of proteins using many different tech- 
niques have for the first time revealed the general 
nature of their structure and enabled us to 
formulate in a definite manner some of the main 
principles on which they are built. It is true that 
the information so far obtained is for the most 
part too fragmentary to enable us to answer in 
detail the questions posed in the other two papers 
in this Symposium—how, on the one hand, the 
information encoded in the genetic material 
determines the specific configuration of each 
individual protein, and how on the other hand 
sach type of protein is fitted by its structure to 
perform its precise function in the living organ- 
ism; but at least it is now for the first time possi- 
ble to see in principle how we shall soon be in a 
position to discuss such questions in terms of a 
precise molecular structure. 

It is convenient to think of protein structure 
in terms of several levels of organization, of which 
the first three, the primary, secondary and ter- 
tiary structures, have been familiar in the litera- 
ture for a number of years; a fourth, the 
quaternary structure, has only recently been 
been named as such by Bernal (1), though its 
existence has been tacitly recognized for some 
time. 


PRIMARY STRUCTURE 


By this is meant, of course, the order of the 
amino-acid residues along the polypeptide chains 
of which the molecule is composed; the number 
of chains per molecule, defined by the number of 
free terminal amino- and carboxy] groups (paying 
due regard to the possibility of cyclic or looped 
chains—as in gramicidin—and of masked end 
groups—as in tobacco mosaic virus); and the 
nature and location of chemical cross-links such 
as disulphide and phosphate bridges. Such in- 
formation was first obtained in detail for the 
protein insulin by Sanger, whose classical studies 
have been followed by the elucidation of the 
primary structure of ribonuclease (2) and of a 





considerable number of naturally-occurring poly- 
peptides. The primary structure defines the 
order and interconnections of the amino-acid 
residues, and takes no account of topography or 
geometry; but a knowledge of it may provide 
valuable clues to the geometrical arrangement 
of the molecule, which must satisfy the topologi- 
cal conditions imposed by the primary sequence. 


SECONDARY STRUCTURE 


The geometrical arrangement assumed by a 
single length of polypeptide chain, or by a small 
number of neighboring ones in close association, 
is described as its secondary structure. The best 
known, and probably the most generally impor- 
tant in protein structures, is the a-helix (see 
fig. 1) of Pauling, Corey and Branson (8); it 
consists of a single polypeptide chain arranged in 
a regular helix and held in a rigid configuration 
by hydrogen-bonding between NH and CO 
groups on neighboring turns of the helix. Other 
types of secondary structure are known to exist, 
for example in silk which contains almost fully 
stretched polypeptide chains, and in collagen, 
where groups of three polypeptide chains are 
probably intertwined to form triple helices. But 
the a-helix seems to be of much wider importance, 
occurring not only in all the fibrous proteins 
classified by Astbury (on the basis of a common 
x-ray pattern) as the a-proteins, which include 
keratin and epidermin and fibrin, but also very 
probably in the globular proteins which are 
certainly the most widespread and metabolically 
important type of protein molecule. Evidence 
that globular proteins contain a-helices is not 
yet conclusive, but very suggestive indications 
have come from x-ray studies (4) and from the 
optical rotation studies of Doty and others. 


TERTIARY STRUCTURE 


This is the spatial relationship between neigh- 
boring segments of the polypeptide chain which 
will make up a complete protein molecule (or its 
sub-units, if any). In the fibrous proteins little 
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Fic. 1. The a-helix of Pauling, Corey and Bran- 
son (3). 


is known about the nature of the tertiary struc- 
ture, though various theories, especially the 
coiled-coils of Crick and of Pauling, have been 
invoked to explain the large periodicities inferred 
from x-ray diagrams or seen directly with the 
electron microscope. 

In the globular proteins the very fact that one 
or a small number of long polypeptide chains 
form a molecule which is nearly spherical shows 
that the tertiary structure must be complex. 
Chemical techniques cannot tell us much about 
the tertiary structure, and to elucidate its nature 
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has been the object of the studies carried on for 
for many years by protein crystallographers, 
without much useful result until it was shown in 
1953 by Perutz and his colleagues that a direct 
and unambiguous solution of the crystal struc- 
ture of a protein—more complex by at least an 
order of magnitude than any crystal structures 
hitherto solved—could in principle be obtained by 
using the method of isomorphous replacement. 
The basis of this method is to compare the x-ray 
pattern obtained from a crystalline protein 
with that obtained from the same protein after 
attachment of a very heavy atom such as mer- 
cury or gold to a specific site on the molecule. 
Measurements of the changes produced in the 
same X-ray reflections by different heavy atoms 
at different sites on the molecule can be used to 
solve the phases of the reflections; and from the 
observed intensities of the reflections and from 
their calculated phases one can compute an elec- 
tron density map of the contents of the unit cell 
of the crystal. Using this technique Perutz and 
his collaborators were successful in making a 
two-dimensional projection of the contents of 
the unit cell of the crystal of horse hemoglobin 
(5). This projection could be proved to be correct, 
but was almost completely uninterpretable in 
structural terms because in projection onto a 
plane the features of the molecule, which is some 
40 atoms thick, overlap in a hopeless confusion. 
Perutz’s results showed that the crystal structure 
of a crystalline protein is in principle soluble, but 
made it clear that, if useful structural informa- 
tion was to be obtained, it was absolutely neces- 
sary to extend the method to three dimensions 
and thus to obtain a representation of the dis- 
tribution of scattering matter in space. Such an 
extension demands the collection of far more 
experimental data, and for technical reasons 
the analysis of these data becomes more compli- 
cated and tedious. 

In our work on the protein myoglobin my 
collaborators and I have used similar methods to 
obtain a full three-dimensional representation of 
the molecule at low resolution (6), since the two- 
dimensional projection which we had obtained in 
the first place (fig. 2), like that of hemoglobin, 
was uninterpretable even though the myoglobin 
molecule has a thickness of only some 20 atomic 
diameters (7). A resolution of 6A was chosen be- 
cause it was the lowest which should clearly reveal 
polypeptide chains in any compact configuration 
(such as the a-helix) as rods of high electron 




















Fig. 2. Electron-density projection of the unit cell of sperm-whale myoglobin: resolution 4A. The 


unit cell contains two molecules, but these overlap and it is not easy to tell where one begins and the 
other ends. 





Fig. 3. Photograph of the three-dimensional electron-density map of the unit cell of sperm-whale 
myoglobin: resolution 6A. The map is built up by stacking a set of serial sections through the unit cell; 
the electron density in each section is represented by contours in the usual manner. Several polypeptide 
chains can be seen as rods of high density, particularly in the right-hand part of the map. 
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density. This relatively low resolution was se- 
lected for an initial attack on the structure be- 
cause the labor of the analysis increases very 
rapidly as the resolution is increased. It turned 
out that the polypeptide chains were very clearly 
revealed in the three-dimensional electron density 
map (fig. 3), as was the haem group, whose 
orientation corresponded with what was already 
known from optical and magnetic studies of the 
erystals (8), and which was a prominent feature 
of the structure owing to the high electron 
density of its central iron atom. From the elec- 
tron density map we were able to prepare a three- 
dimensional model of a single myoglobin molecule 
(see fig. 4); it has a somewhat flattened shape with 
dimensions about 42 x 35 xX 25A., and within 
it the polypeptide chain is arranged in a highly 
irregular and complicated manner. The length 
and shape of the polypeptide chain suggest that 
it is for the most part in some helical configura- 





tion each as the a-helix—a conclusion in con- 
formity with results obtained by Benson and 





Fig. 4. Drawings of a model of the tertiary 
structure of the myoglobin molecule, derived from 
the three-dimensional electron density map. The 
polypeptide chain is represented by solid rods; 
the side-chains have been omitted since they are 
not visible at the present resolution, but they 
would in fact fill the regions between the main- 
chains. The haem group is visible in the left-hand 
drawing as a foreshortened dark grey disk. The 
small spheres, partly concealed by polypeptide 
chains, are the heavy atoms used to determine 
the phases of the x-ray reflexions. 
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Linderstrém-Lang by the deuterium exchange 
method, and by Doty on the basis of optical 
rotation measurements. The haem group can be 
seen to be near the surface of the molecule, with 
one side apparently exposed for the attachment 
of oxygen or other ligands, and some connections 
to neighboring polypeptide chains being clearly 
visible. The most striking feature of the structure 
is its irregularity; whatever principles govern the 
configuration are certainly not apparent at the 
present stage of the analysis, but it seems clear 
that we can exclude all of the regular geometrical 
schemes which have been proposed in the past. 
Further light will no doubt be thrown on these 
problems by the more highly resolved electron 
density map which we are at present trying to 
obtain. In the meantime speculation as to the 
significance of the tertiary structure we observe 
would be fruitless. 


QUATERNARY STRUCTURE 


Many proteins are known to be composed of a 
number of sub-units. Thus the dissociation of 
hemoglobins on dilution or under the influence of 
urea was first observed many years ago. Perutz 
has shown by x-ray methods that the molecule 
of horse hemoglobin in fact consists of two identi- 
cal half-molecules; furthermore, Ingram (9) has 
found by his ‘fingerprint’ technique that the 
number of distinct peptides in the trypsin digest 
of this protein correspond to only half the number 
of lysine and arginine residues in the whole 
molecule, indicating that the peptides are pro- 
duced in pairs, each half-molecule being digested 
to an identical set of peptides. 

Recent work by Singer and Itano (10) and by 
Vinograd and Hutchinson (11) has shown that 
the sub-units into which the molecule dissociates 
in solution are not always identical with those 
which confer symmetry on the molecule. Hemo- 
globin contains four polypeptide chains of two 
types, which are denoted a and 8. The crystallo- 
graphic sub-units, and those obtained in solution 
at alkaline pH’s, are a8 and af: but in acid solu- 
tion the molecule dissociates asymmetrically 
into a and B:. These results, together with the 
modifications of the standard behavior exhibited 
by abnormal and fetal hemoglobins, carry impli- 
cations concerning the mechanism of protein 
synthesis, as the authors have pointed out. These 
implications lie outside the present subject; but 
the spatial relationships between the symmetry 
axis of the molecule, the sub-units into which it 
dissociates, and the four polypeptide chains with 
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their four associated haem groups, are of the 
greatest interest in connection with the interpre- 
tation of the kinetics of oxygenation of hemoglo- 
bin, a question which has attracted the attention 
of many investigators for a long period. Perutz is 
at present engaged in extending his two-dimen- 
sional representation of the hemoglobin molecule 
into three dimensions, and the result should 
throw much light on these matters. 

Hemoglobin is certainly not unique in being 
constructed from sub-units. The classical example 
is the respiratory pigment hemocyanin, whose 
molecular weight runs into millions, and which 
was long ago shown by Svedberg and his col- 
laborators using the ultracentrifuge to dissociate 
under conditions of changed pH into a large num- 
ber of sub-units. Green and Aschaffenburg (12) 





Fic. 5. Photograph of a model of tobacco 
mosaic virus, showing the helical arrangement of 
sub-units and of the single strand of ribonucleic 
acid (indicated by a black wire). (After Franklin, 
Caspar and Klug, ‘“‘The Structure of Viruses as 
Determined by X-ray Diffraction’’ in Plant Pa- 
thology—Problems and Progress, 1908-1958, New 
York: Acad. Press, in press.) 
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have recently shown by x-ray methods that 
B-lactoglobulin (M.W. 35,000) consists of two 
similar or identical sub-units. Pauline Harrison 
(13) has found that the much larger protein 
ferritin (M.W. 747,000) is likewise built up of 
sub-units; though the exact arrangement is not 
yet clear, the most plausible deduction from the 
data is that the molecule consists of 24 sub-units 
of molecular weight 19,000 arranged to form a 
hollow spherical shell, perhaps arranged in the 
same manner as the vertices of the semi-regular 
solid known as the snub cube, the space so en- 
closed containing micelles of ferric hydroxide, 
Although the three-dimensional arrangement has 
not been investigated in other cases, physi¢g: 
chemical studies of very many large proteins 
suggest that sub-units may be present. Tht 
phenomenon is clearly of such wide occurrenés 
that we may well wonder whether there are any 
large proteins which do not consist of sub-unit 
it may turn out that the molecular weight @ 
single protein units never exceed 50-100,000. 7% 

The viruses are not proteins in the strict sen 
since they contain nucleic acid as well as proteil 
However, their protein components are built 
from sub-units, and the arrangement of theg 
has been investigated in more detail than amo 
the proteins proper. Thus in tobacco mosaié 
virus even the pre-war x-ray studies of Bernd 
and Fankuchen indicated that one was dealing 
with a rod-shaped particle built up of repeating 
sub-units; more recent studies by Watson, by the 
late Rosalind Franklin and her collaborators, 
and by Caspar, have shown by x-ray methodg 
that the structure actually consists of a heli¢ 
arrangement of 2,100 identical sub-units; th 
helix has a pitch of 23A., and each turn containg 
1614 sub-units (see fig. 5). Chemical studies a 
well as the x-ray results have shown that these 
sub-units possess a molecular weight of 18,000) 
and the evidence is consistent with the idea t 
all the sub-units are identical. It appears, toy 
that the RNA in the virus is a single strand alse 
arranged in a helix which follows the main proe 
tein helix. 

The more common so-called spherical viruseg 
are built on a similar plan; but here the samé 
principle of symmetrical arrangement of sub- 
units is applied in a different manner to yield a 
closed and highly symmetrical figure, often poly- 
hedral in shape. This first became apparent in 
x-ray studies of virus crystals, which were gener- 
ally found to possess the high symmetry of the 
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cubic space groups; it could be concluded with 
certainty that the individual particle must itself 
possess high symmetry. The suggestion was made 
by Dorothy Hodgkin (14), and generalized by 
Crick and Watson (15), that such symmetry 
could arise if the particle consisted of sub-units 
arranged in the same manner as the vertices of a 
regular solid such as the icosahedron. Since then 
the individual sub-units have been directly ob- 
served in electron micrographs of individual 
particles of more than one virus. Other viruses 





Fig. 6. A: Electron micrograph of adenovirus, 
type 5. The icosahedral particle is standing on 
edge; two complete triangular facets are visible, 
with sides consisting of six sub-units. B: Photo- 
graph of a model of an icosahedron in the same 
orientation. (After Horne et al. [16].) 





have been seen to have the shape of regular 
polyhedra, their symmetry presumably being 
the visible expression of an analogous mode of 
construction. It would appear, in fact, that the 
object of this arrangement is to enclose a volume 
(containing the nucleic acid component of the 
virus) in the most economical manner, identical 
sub-units being prefabricated and then assembled 
in identical mutual relationships. A single exam- 
ple will suffice to illustrate the scheme, namely 
the very remarkable electron micrographs (see 
fig. 6A) of an adenovirus recently obtained by 
Horne et al. (16), from which it can be seen that 
this virus consists of a perfect icosahedron with 
flat facets made up of 252 sub-units, each tri- 
angular facet having sides consisting of 6 sub- 
units. (fig. 6B). The center-to-center distance be- 
tween sub-units is 70A., and the length of an 
edge is 420A.; the whole particle has a diameter 
of about 700A. It will be seen that the structure of 
the spherical viruses is closely analogous to that 
postulated by Pauline Harrison for ferritin; and 
indeed it has been suggested (15) that the scheme 
may be of still wider significance, also being used 
in the construction of the microsomal particles 
of the cytoplasm which are probably the sites of 
protein synthesis in the cell. 

This is as far as we can at present ascend the 
hierarchy of protein structures. It may be that 
yet further orders of complexity await discovery 
and demand recognition and separate study. 
Meanwhile much remains to be done in under- 
standing the significance of the first four levels 
which I have described; and we shall now turn to 
a discussion of some implications of the results 
which have so far been obtained. 


SPECIES SPECIFICITY OF PROTEINS 


Sanger has shown that insulins from different 
species have similar but not identical amino-acid 
sequences, the variations being limited to a 
particular small region of the molecule. Analogous 
results have been reported in other proteins, 
where it has been found that in different species, 
or in the same species under abnormal patho- 
logical conditions, the differences in amino-acid 
sequence are confined to limited segments of the 
molecule. Thus Hunt and Ingram (17) found that 
human hemoglobin from the blood of sickle-cell 
anemics apparently differs from normal hemoglo- 
bin only by virtue of a change in a single amino 
acid in the 300 contained in each half molecule. 
Similar variations are found in other abnormal 
hemoglobins (fig. 7). Again, Dr. Anne Stockell, 
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using Ingram’s fingerprint technique, has shown 
that in myoglobins of different species large re- 
gions of the molecules must be identical, though 
(as might be expected) the differences are clearly 
greater than those between normal and abnormal 
hemoglobins of the same species. Typically 
about half the peptides in the tryptic digest of 
two myoglobins from different species seem to be 
identical (unpublished data). We are led to the 
general conclusion that the primary structures of 
proteins performing the same functions in differ- 
ent species are similar though not identical. 

We have recently found some evidence in the 
myoglobins that this generalization can be 
extended to the tertiary structure. Myoglobins 
from different species have amino-acid composi- 
tions which are broadly similar, but differ in 
detail. If different myoglobins are crystallized it 


Hb A _ Val-His-Leu-Thr-Pro-Glu-Glu-Lys- 
S  Val-His-Leu-Thr-Pro-Val-Glu-Lys- 
C Val-His-Leu-Thr-Pro-Lys-Glu-Lys- 








Fic. 7. Amino-acid sequence of the number 4 
tryptic peptides found in hemoglobins A (normal), 
S (sickle-cell) and C. For each hemoglobin the 
amino acid which changes is underlined. (After 
Ingram [9].) 
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is found that, in some cases, those of two different 
species crystallize in forms so similar that their 
x-ray patterns are virtually identical; sperm. 
whale and porpoise myoglobins, for example, 
give x-ray patterns which can hardly be distin. 
guished. Horse and seal myoglobins form a 
similar pair. Such near identity of crystal form 
and of diffraction pattern implies a near identity 
of the molecules, which must have virtually the 
same secondary and tertiary structures, and can 
differ only in one or two side-chains at most. In 
other pairs completely different types of crystal 
are formed, having different symmetries and of 
course quite different x-ray patterns. One such 
pair, studied in our laboratory at Cambridge and 
at the Royal Institution in London, is sperm- 
whale myoglobin and seal myoglobin, whose 
crystals are quite dissimilar. Sperm-whale myo- 
globin is the form whose x-ray analysis has been 
described above, and whose tertiary structure 
has been determined in broad outline. Dr. Helen 
Scouloudi at the Royal Institution has been using 
similar methods to study seal myoglobin, and 
though she has not yet been able to prepare a 
three-dimensional representation of the molecule, 
she has obtained a two-dimensional projection 
of it (18). This, like the other projections I have 


eee weer my 








Fig. 8. Electron-density projection of the unit cell of seal myoglobin: resolution 4A. The molecules 
are outlined; those indicated by dotted lines lie behind the others. (After Scouloudi [18].) 
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Fic. 9. A: Single molecule of sperm-whale myoglobin projected in the same direction as the mole- 
cules in figure 8. B: Projected sperm-whale myoglobin molecule with overlaps from neighboring mole- 


cules in the seal lattice. (After Scouloudi [18].) 


illustrated, is at first sight uninterpretable (fig. 
8). Dr. Scouloudi has, however, been able to 
show that all its main features can be exactly 
reproduced by inserting the molecule of sperm- 
whale myoglobin into the seal myoglobin crystal 
lattice in the correct position. This can be found 
from a knowledge of the orientation of the haem 
group relative to the crystal axes in the two forms 
(obtained by optical or magnetic resonance 
methods (8)). If one attempts to fit the sperm- 
whale myoglobin molecule into the seal myo- 
globin lattice with its haem group in the correct 
orientation one finds that packing considerations 
very greatly limit its possible range of positions, 
so that it can be placed with some precision. If 
it is now projected in a direction corresponding 
to the axis of projection in the two-dimensional 
seal projection it can be seen that an almost 
exact reproduction of the latter is obtained 
(fig. 9). Such close agreement must mean that 
the two molecules are virtually identical in their 
general lay-out. We must suppose that though 
the primary structures are different, since the 
amino-acid compositions are known to differ ap- 
preciably (Edmundson, unpublished data; Ru- 
men, unpublished data), the secondary and ter- 
tiary structures are essentially the same. The 
result is, incidentally, a valuable confirmation of 
the correctness of the two structure analyses. It 
is also interesting to note that the positions on 
the molecule taken up by the heavy atoms in 


the two forms are the same for those heavy atoms 
which are tucked away into crevices in the 
molecule; on the other hand in those cases where 
the heavy atom settles on the outer surface of 
the molecule it goes to a different site in the two 
forms, suggesting that in such cases the ‘combina- 
tion’ is more in the nature of an interstitial 
packing. 


INVARIANCE OF PROTEIN CONFIGURATIONS 


It is a consequence of the results obtained by 
Sanger, and indeed a prerequisite for the success 
of his methods, that a particular protein derived 
from a normal individual of a single species has 
an invariant primary structure. (This generaliza- 
tion is complicated, but not really upset, by the 
frequent occurrence of several variant forms of a 
protein side by side in a single species; such forms 
usually differ in minor respects, such as the pos- 
session of an additional amide group by one of 
them.) 

It is often asked whether it is also true that the 
tertiary structure is invariant; and, more particu- 
larly, what is the relation between the configura- 
tion of a protein in solution under physiological 
conditions and its configuration in a crystalline 
lattice—in other words, whether the protein 
studied by the x-ray crystallographer is the same 
as the functional protein in the living cell. Strictly 
speaking this question in unanswerable, because 
in solution a protein molecule undoubtedly 
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possesses a certain flexibility, and can only be 
said to have a structure in a statistical sense. 
Furthermore, its structure changes in sympathy 
with changes in its environment; thus the work 
of Doty and his collaborators, using optical 
rotation as an index of helix content, has shown 
that the amount of polypeptide chain in helical 
form is a function of the nature of the medium 
(19), and many workers using hydrodynamical 
methods have shown that the overall shape of 
protein molecules varies with pH. Nevertheless 
it would appear likely that such excursions from 
a mean structure are relatively trivial under 
physiological conditions, and are in any case 
reversible. As to the protein in crystalline form, 
the work of Scouloudi to which I have just re- 
ferred indicates that the molecule does possess a 
definite tertiary structure toa first approximation, 
independent of the crystal forces to which it is 
exposed—for in sperm-whale and seal myoglobin 
crystals the molecules are packed in different 
ways, approaching their neighbors at quite 
different regions of their surfaces, so that they 
must be subjected to entirely different stresses. 
Nevertheless the tertiary structure remains the 
same within the admittedly rather coarse resolu- 
tion of the Fourier projections (6A.). Thus, even 
though the structure of a protein molecule does 
depend somewhat on its environment and is in 
any case subject to statistical fluctuations, we 
may conclude with confidence that in investi- 
gating that structure in the crystalline form we 
are studying something very closely related to the 
physiological protein molecule. This is perhaps a 
fortunate conclusion, since no other method of 
studying the detailed three-dimensional archi- 
tecture of proteins, whether under physiological 
or other conditions, seems to be even remotely 
in sight. 
RATIONALE OF PROTEIN STRUCTURE 

The foregoing will have shown that we are 
now beginning to see the general outlines of the 
way in which protein molecules are constructed, 
even if the details for the present escape us. 
Having now a preliminary knowledge of the 
facts, can we say anything of the principles in- 
volved? Perhaps we are now in a position to have 
the faint beginnings of some ideas on this subject, 
though admittedly factual evidence has to be 
supported a good deal by general notions of 
plausibility. 

Let us consider the levels of the hierarchy in 
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turn, beginning with the quaternary structure, 
Here we find in every case which has been studied 
in detail a symmetrical arrangement of similar, 
perhaps identical, sub-units. Our most complete 
evidence comes from the viruses. Here the guiding 
principle would appear to be economy in con- 
struction, the purpose being to enclose or protect 
the viral nucleic acid; perhaps ferritin, with its 
central core of ferric hydroxide, is analogous. 
Economy is achieved by building the protective 
covering with prefabricated identical small units 
—thus minimizing the information which has to 
be transferred genetically. Identical units natu- 
rally pack together in a regular manner, and in 
the most general case, where the units are com- 
pletely asymmetrical in shape, the only regular 
modes of packing are the helix (as in tobacco 
mosaic virus) and the regular solid (as in spherical 
viruses). It should be added in parentheses that it 
may be necessary to modify this principle slightly 
for the larger viruses which possess a polyhedral 
shape with flat faces. In such cases, which include 
the adenovirus illustrated above, the particle as 
a whole is highly symmetrical but the sub-units 
do not have exactly equivalent positions on its 
surface; there are in fact three types of site—ver- 
tices, edges and faces. We do not yet know 
whether the sub-units are of three different kinds, 
corresponding to the three types of site, or 
whether they are identical but are directed to 
different sites by some underlying structure. In 
any case the details can only be worked out 
when we have some knowledge of the structure 
of the nucleic acid within the virus particle and 
of the sub-units themselves. There is an urgent 
need both for chemical] investigation of virus 
sub-units and for x-ray study of isolated and 
crystallized sub-units. In the larger protein 
molecules the principles of construction may not 
be quite the same as in the viruses, because in 
them there is as far as we know no requirement 
to enclose space—indeed we do not know why 
such molecules need to be large at all, except in 
a few instances like the plasma proteins where 
the osmotic balance of the plasma is involved. 
X-ray studies of large unconjugated proteins 
should now be undertaken, as should investiga- 
tions of the fibrous proteins in which the nature 
of the tertiary and quaternary structure is quite 
unknown. 

At the tertiary level of structure we are on 
very uncertain grounds, for no principles can be 
inferred from the knowledge we now have, 48 
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has already been indicated in the case of myo- 
globin. Most proteins have an active site, e.g. 
in enzymes the site at which the specific reaction 
is carried out, in respiratory pigments the site 
of the prosthetic group. Presumably the main 
purpose of the tertiary structure is to obtain a 
proper constellation of amino acids at the active 
site, and quite large excursions of the polypeptide 
chain may be needed to bring the appropriate 
side-chains into the correct three-dimensional 
arrangement at this site. Thus the porphyrin 
ring of myoglobin has vinyl and carboxyl side 
groups arranged round the ring in a peculiarly 
unsymmetrical fashion; we may guess that amino- 
acid side-chains are situated at the correct points 
on neighboring segments of polypeptide chain 
to provide attachments for these. Since the 
porphyrin ring in the haem groups of hemoglobin 
has the same arrangement of vinyl and carboxy] 
groups as in myoglobin one might predict that the 
environment of the haem group will turn out to 
be the same in this protein. It looks asif analogous 
considerations may be applied to the cyto- 
chromes, where it has been shown (20, 21) that 
identical sequences of amino acids are near the 
porphyrin ring in cytochromes from different 
species. The tertiary structure may have other 
features the origins and purpose of which we can 
at present only guess. Perhaps, for example, 
parts of it may have the function of providing 
means by which the molecule is attached to 
membranes or other cell structures; possibly 
too the tertiary structure enshrines non-func- 
tional relics of the evolution of the molecule, 
traces of the process of natural selection which has 
eventually produced the functional protein we 
now study. 

We still know very little of the secondary 
structure of globular proteins, but we may provi- 
sionally assume that the helix is an important 
component of it. Here the principle involved is 
analogous, at a lower level of complexity, to that 
operating in the quaternary structure. Although 
amino acids differ in their side-chains they are 
identical as regards that part of the molecule 
which forms the links of the main-chain; and the 
most natural and regular way of arranging a 
sequence of such links is in the form of a helix, 
the particular helix chosen being the one of 
lowest energy; various theoretical studies have 
indicated that the a-helix is the most likely 
candidate, though others (such as the z-helix of 
Barbara Low) may also be possible. The side- 
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chains are not entirely without influence, how- 
ever, and it was pointed out some years ago that 
proline in particular is actually unable to fit into 
an undistorted a-helix; the suggestion has been 
made that proline residues are responsible for 
making the chain turn corners. In myoglobin 
this cannot be the whole story because the num- 
ber of corners seen in the model exceeds the 
number of proline residues in the molecule. It 
may be that not only proline but also some of 
the other large side-chains such as those of 
tryptophan, phenylalanine and tyrosine exert 
steric effects which change the direction of the 
chain. 

As to the primary structure, we now have 
available for study numerous partial or complete 
amino-acid sequences of proteins and polypep- 
tides. Direct analysis of these has so far yielded 
little or nothing in the way of useful generaliza- 
tions, and it seems clear that no progress will be 
made except in conjunction with a more detailed 
knowledge of the corresponding secondary and 
tertiary structures. Even then it may be doubted 
whether simple generalizations will be possible. 
It may rather be a case of making specific provi- 
sion in each protein for the accidents of its 
particular structure—for the proper constellation 
of side-chains at its active site, for the control 
of corner-turning at appropriate points in the 
chain, for inter-chain links, for internal Van der 
Waals adhesion, and for its hydrophilic outer 
surface with a specific charge distribution. 


FUTURE OF PROTEIN STRUCTURE RESEARCH 


We are now only beginning to exploit the 
possibilities of x-ray crystal analysis as a tool 
for investigating protein structure. There is no 
doubt that the method of isomorphous replace- 
ment, and other related methods, can in principle 
be applied to all the many proteins available in 
crystalline form, and that at least the broad 
features of the structures of these substances can 
be revealed with their aid. It is clear that it will 
be possible to obtain electron density maps at 
considerably higher resolution than the one we 
have so far computed for myoglobin. It is still 
not certain, however, whether it will be practi- 
cable to solve the structure of a protein com- 
pletely, in the sense of defining the position of 
every atom in the molecule (if indeed every atom 
has a defined position). Theoretically this should 
just be possible in myoglobin, but in many pro- 
tein crystals the diffraction pattern fades out too 
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soon, so that atomic resolution can never be 
obtained. Nevertheless even if atomic resolution 
is not achieved it is very likely that, by combining 
a knowledge of the amino-acid sequence with the 
results of an X-ray analysis, one will be able to 
build a detailed model of the structure. It should 
in any case be possible to establish the nature of 
the secondary fold of the polypeptide chain and 
to discover the general principles which deter- 
mine the tertiary structure. 

In the past 25 years the properties and behavior 
of proteins have been subjected to intensive 
study by all sorts of techniques, both purely 
chemical and physico-chemical. As examples one 
might cite the many methods based on hydro- 
dynamical principles for determining the shape, 
molecular weights, and hydration of proteins; 
kinetic studies of protein reactions, including 
enzyme kinetics and the kinetics of oxygenation 
of respiratory pigments; studies of the thermo- 
dynamics of reversible changes undergone by 
protein molecules; investigation of the charge 
distribution on protein molecules and of their 
behavior under the influence of static and 
fluctuating electric fields and of various ionic 
environments; and many others. All these studies 
have perforce been carried out without any 
knowledge of the molecular architecture of the 
molecules concerned. It should soon be possible 
to make detailed comparisons between the 
results obtained by these methods and known 
features of the structure. Thus, in the case of 
myoglobin, work is already in progress in various 
laboratories using the techniques of optical rota- 
tion, electron spin resonance, deuterium exchange, 
dielectric relaxation and several others, with the 
object of correlating the results with what we 
already know of the tertiary structure. Such com- 
parisons, in a number of proteins, should not only 
provide valuable checks on the validity of the 
methods themselves but should greatly increase 
their power and range, and should for the first 
time give us a real understanding of the behavior 
of protein molecules in terms of a known chemical 
structure. 

Meanwhile at the level of quaternary structure 
further advances in our knowledge are also to be 
anticipated. The electron micrograph of adeno- 
virus which has been illustrated indicates how 
the increasing power of this technique is now 
revealing details of virus structure, and it should 
soon be applied with equal success to large pro- 
tein molecules. At the same time the x-ray 
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methods can make important contributions; in 
particular the isomorphous replacement. tech- 
nique, by ‘labeling’ all the sub-units at corre- 
sponding sites, should be particularly adapted to 
elucidating the nature of the quaternary struc- 
ture—indeed it has already been applied by 
Caspar and Franklin (23) to tobacco mosaic 
virus. 

The biggest difficulty about all the x-ray 
methods is that they take a very long time to 
apply. No one would be well advised to undertake 
the detailed analysis of the crystal structure of a 
single protein unless he has 5 or 10 years to spare, 
It is true that by devising more rational and 
more generally applicable methods of attaching 
heavy atoms to specific sites on protein molecules, 
by adopting automatic counter spectrometer 
methods for the collection of data, and by using 
high-speed computers for processing them, we 
can already see ways in which the task can be 
greatly shortened; and to bring these to practical 
application is an urgent necessity. The fact re- 
mains that the task is likely to remain lengthy. 
Furthermore the number of proteins whose 
structures it is important to know is very large, 
many of them have never been crystallized, and 
relatively few have been persuaded to form 
crystals large enough to interest the crystallog- 
rapher. 

A similar difficulty besets the determination of 
the amino-acid sequences of proteins. Here too 
short-cut methods have been and are_ being 
developed, and these may prove to be particularly 
important, for the following reasons. A central 
dogma of current genetical thinking is that the 
information carried by the nucleic acid of the 
genetic material determines only the primary 
sequence of a protein, which must then fold up 
spontaneously after synthesis. This dogma has 
certainly by no means been proved, and it has 
been asserted largely owing to the difficulty of 
thinking of plausible mechanisms by which the 
secondary and tertiary structures could be 
directly controlled, since such control would 
imply the provision of three-dimensional tem- 
plates with their attendant geometrical complica- 
tions. Besides, the genetic information, like the 
amino-acid sequence of a polypeptide chain, 
seems to be essentially one-dimensional in ar- 
rangement. On the other hand it will be clear 
that the dogma itself leaves a great deal still to 
be explained. If it turns out to be true the dogma 
will have one important consequence in the 
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present context: that it should in principle be 

possible, having determined the amino-acid 

sequence of any protein, to predict the whole of 
its three-dimensional structure—thus eventually 
putting the protein crystallographers out of 
business. This development would be greeted with 
relief at any rate by the present author. In the 
foreseeable future the total analysis of the 
structure of a protein by x-ray methods will 
continue to be so laborious that the prospect of 
applying these methods to all proteins of physio- 
logical importance, whose structures biologists 
will wish to know, is a daunting one. 
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MOLECULAR COMPLEMENTARITY AND ANTIDOTES FOR 
ALK YLPHOSPHATE POISONING! 


IRwIN B. W1LsSoN 


Departments of Biochemistry and Neurology, College of Physicians and Surgeons, 
Columbia University, New York City 


I. DEALING with protein structure, one often 
emphasizes the overall similarities amongst 
proteins. All such common features are relatively 
gross and relate to general structural type. In 
biological function attention is drawn to the 
differences in proteins and the specificity in 
biological activity of such molecules as anti- 
bodies and enzymes is emphasized. Such speci- 
ficity must lie in the detailed stereochemical and 
interactomic arrangements at the active site. 
The concept of molecular complementarity as 
the basis of specificity is an old one and one 
which is so satisfying that there have been few 
investigations of its validity and of the details 
of its application. 

Such studies have been made with antibodies 
(1-3), and the importance of charged groups 
(when they appear in haptens) and Van der 
Waal’s forces and the shape of molecules has been 
demonstrated. In these studies antigens have 
been prepared by introducing haptens into pro- 
teins via diazo linkages. The haptens then can 
be used to prevent precipitation by competing 
for the antibody, and the binding energy can be 
measured. Recently Kabat (4) has studied anti- 
bodies induced by dextran which is an antigen 
in humans and gives rise to the usual type of 
precipitating antibodies. He has considered the 
following question. With a dextran having 96% 
1-6 linked glucose units the average chain length 
is 24 units, although most certainly there is a 
great range of chain length. How many glucose 
units make up an antigenic determinant—does 
it contain a 1-3 link? How many units saturate 
the binding site of the antibody? Using oligosac- 
charides of the isomaltose series it was found that 
6-7 units saturate the active site, but 75 to 90% 
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sion of Research Grants and Fellowships of the 
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U. 8. Public Health Service, and in part by the 
Medical Research and Development Board, De- 
partment of the Army, Office of the Surgeon 
General, Contract No. DA-49-007-MD988. 
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of the binding is contributed by the first three 
1,6 linked glucose residues from the non-reducing 
ends of chains, the terminal non-reducing residue 
being of primary importance and contributing 
about 40% of the total free energy of binding. It 
appears that the 1-3 linkages are not involved in 
the specificity of this variety of antidextran. 
Kabat considers the conformation of the molecule 
in the following quotation: 

“If a model of isomaltohexaose is constructed, 
it becomes apparent that the molecule is free to 
assume a great number of different positions of 
a random coil, from a very extended structure to 
one that is compact, as a consequence of the 
freedom of rotation of each ring around a (1-6) 
linkage. The approximate dimensions of the 
extended hexasaccharide are about 34 by 12 by 
7A. Since to retain its specificity, the antibody- 
combining site has to be a fairly rigid structure, 
it is evident that, depending on the relative posi- 
tion of the individual hexose units to one another 
at the time of antibody formation, an almost 
infinite variety of antibody-combining sites are 
possible even though they are all complementary 
to the hexasaccharide. Whether limitation in 
structure of the antibody-combining site itself 
exercises some selective effect and antibodies are 
formed only to certain configurations of the 
antigenic group cannot yet be determined; de- 
spite any such diversities in antibody-combining 
sites, the antigenic groupings would satisfy them 
all since they would be free to adjust themselves 
to the most complementary position within the 
antibody cavity.” 

In this paper I shall describe the role of molec- 
ular complementarity in designing a compound, 
pyridine-2-aldoxine methiodide (2-PAM) (5, 6) 
which is an excellent antidote for many organo- 
phosphorus compounds which inhibit cholinester- 
ase. In this work knowledge of the particular 
conformation of a substrate which is comple- 
mentary to the enzyme is of paramount 
importance. Suppose we have a biologically active 
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substance, the molecules of which are free to 
assume many configurations; then at any instance 
only some of the molecules are complementary 
to the protein receptor site. The concentration of 
‘active molecules’ is lower, and perhaps very 
much lower, than the total concentration. Sup- 
pose now we are able to make a different sub- 
stance whose molecules are much more rigid but 
are still able to assume a configuration comple- 
mentary to the protein active site—will we not 
now have a much more active substance? This 
is the question we wish to explore in this paper 
and demonstrate that the remarkable activity of 
2-PAM is the consequence of a rigid structure 
that is complementary to the active site of 
acetylcholinesterase which has been inhibited by 
an alkyl phosphate. Some of these organophos- 
phorus compounds are nerve gases and insecti- 
cides. Some representative toxic compounds are 


C:H;O O O 
P—O—P 


- ~ 
C2H;O OC:H; 


Tetraethyl pyrophosphate 
(TEPP) 


OCH; 


iC;H;O O 
sy 
p—F 
: 4 
iC;H;O 
Diisopropyl fluorophosphate 
(DFP) 
C:H;0 O AeeN, 


“S o~ : NO 
We \ 3 si hy 
C.H;O 


Diethyl p-nitrophenylphosphate 
(Paraoxone) 


The most important single feature of these com- 
pounds is that they contain a phosphorus bond 
which is easily hydrolyzed. All the rest is rela- 
tively unimportant (7, 8). 

These organophosphorus compounds, even in 
very low concentration, inhibit a variety of 
hydrolytic enzymes but the only one which is 
of importance in acute toxicity is acetylcholines- 
terase which catalyzes the hydrolysis of acetyl- 
choline and upon which nervous activity depends. 

We have first to consider the mechanism of 
hydrolysis by acetylcholinesterase. The formal 
representation of the reaction of an enzyme E 
and a substrate §S is 


E+S=—E-S-— E + products 
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ANIONIC SITE ESTERATIC SITE 
ay | 
PROTEIN H—-G 
5 ” 
iGHe jie 
GHy*N—CH,— CH, —0—G —o” 
CH; CHs 


Fic. 1. Representation of the active site of 
acetylcholinesterase and of the Michaelis-Menten 
complex with acetylcholine. 


ANIONIC SITE ESTERATIC SITE 
PROTEIN 6" 
H-CHe—Ce—-O—G—0" 
CHs 


Fig. 2. Representation of the Michaelis-Menten 
complex of acetylcholinesterase and ethylacetate. 


We have to describe the nature of the enzyme 
substrate compound and the hydrolytic process 
in which this complex is converted into products 
with the simultaneous regeneration of the 
enzyme. The whole process occurs in a few micro- 
seconds. The active site of acetylcholinesterase 
is made up of two principal sub-sites (fig. 1). 

1) An anionic site (11, 12) which binds and 
orients the cationic portion of the substrate. Coulom- 
bie forces contribute 2.0 Keal. of binding energy 
(a factor of 30 in the equilibrium constant). In 
addition, each methyl group, with one exception, 
makes a binding contribution of 1.2 Kcal/mole 
(a factor of 7) (13). The source of this binding 
energy is believed to be a net Van der Waals 
attraction between methyl groups and a hydro- 
carbon portion of the protein. One CH; group 
projects into the aqueous phase and so does not 
contribute to binding. 

2) An esteratic site H G containing an essential 
acidic group represented by a hydrogen atom and a 
basic group represented by a pair of electrons. G is 
probably more than a single atom. Binding here 
is through a covalent bond between the basic 
group and the electrophilic carbonyl carbon atom. 

If we compare ethyl acetate (fig. 2) and acetyl- 
choline, we note that a quaternary nitrogen 
function is lacking in the former and that there- 
fore acetylcholine should be bound 30 x 7 x 7 
= 1500 times better than ethy] acetate. In addi- 
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tion, the hydrolytic process is about 10 times 
more rapid for acetylcholine, so that at low 
substrate concentration acetylcholine is hy- 
drolyzed some 10* times more rapidly than 
ethylacetate. We have here then the method by 
which enzymes achieve specificity, i.e. by de- 
veloping a structure which is molecularly comple- 
mentary to a particular substrate. Such a struc- 
ture allows the summation of several small 
interaction energies. The anionic site thus pro- 
motes the activity of the enzyme toward com- 
pounds containing a suitably located quaternary 
ammonium function. The hydrolytic process 
which occurs at the esteratic site is as follows 
(15, 16): 


=a 
RCOOR’ + H-G = _ = 
2 R'OAO—0 
GH G 
R/OH + a ~ C=0 
| 
R 
H Gm H—Gw 
| 
—0 + C—O = HO—C—00 = 
uo + é 
| 
R 


H—G + RCOOH 


We consider that an incipient hydrogen bond 
sets off an electronic cycle which results in the 
splitting out of an alcohol (choline if acetyl- 
choline is the substrate) and the formation of an 
acyl enzyme (acetyl enzyme if the substrate is an 
acetate). The acyl enzyme then reacts with water 
in a few micro seconds, to reverse the general 
process with formation of the acid and regenera- 
tion of the enzyme. 

The organophosphorus inhibitors are hemi 
substrates; they react as substrates to phos- 
phorylate the esteratic site (illustrated here with 
a fluorophosphate) 


et we 


Oo 
(RO).b—F + HG = #00 a 


RO’ ‘or 
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But the next step, the hydrolysis of the phos. 
phoryl enzyme 


H oo H—G 
| | 
0 + P—OO = HO—P—OO = 
af pe 
RO OR RO OR 
0 


H—G + (RO):P—OH 


either does not occur or occurs very slowly, 
depending upon the nature of R. If this step were 
to occur rapidly, say in a few milliseconds, these 
compounds would be substrates rather than 
inhibitors (17, 18). 

The first step with an inhibitor need not be 
rapid compared to the reaction of a substrate 
because in contrast to a catalytic reaction in 
which the enzyme must react with millions of 
equivalents of substrate, the enzyme is inhibited 
completely as soon as it reacts with just one 
equivalent of inhibitor. 

The hydrolysis of the dialkylphosphoryl 
enzyme is slow but can be readily demonstrated 
in many instances by allowing the inhibited 
enzyme to stand in solution for several hours or 
days during which time enzyme activity grad- 
ually returns. It was soon found that dephos- 
phorylation of the inhibited enzyme with 
restoration of activity could be achieved much 
more rapidly by the addition of simple nucleo- 
philic agents, especially hydroxylamine (18): 


xh 
NH:OH + Tl = 
P—OO 
ier 
RO OR 
O 
H—G t 
‘3 (RO)2P—NHOH 


This reactivation reaction can be inhibited by 
simple quaternary amines such as tetramethyl 
ammonium ion. Evidently the anionic site is still 
functional (fig. 3). The question then arises 
whether the activity of the reactivator could be 
promoted by introducing a quaternary ammo- 
nium function into the reactivator just as the 
hydrolysis of acetylcholine is promoted over 
ethyl acetate. The first question is whether the 
substitution necessary for the introduction of & 
quaternary function should be on the oxygen or 
on the nitrogen atom. An oxygen substituted 
compound, O-methyl hydroxylamine, was com- 
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pletely inactive, but simple N substituted com- 
pounds were active, although much less so than 
hydroxylamine. We have therefore to make our 
substitution on the nitrogen atom but merely 
making the substitution is going to hurt us. How- 
ever, we must seek a special kind of substitution 
which will more than compensate for this ‘initial’ 
loss in activity. Our first attempt in this direction, 
nicotinohydroxamic acid methiodide, was quite 
successful : 


This compound was only 4 or 5 times better 
than hydroxylamine in reactivating diethylphos- 
phoryl enzyme (TEPP inhibition) but in the 
light of the above discussion was considered 
highly successful, and it reasonably rapidly 
restored the activity of diisopropyl phosphoryl 
enzyme (DFP inhibition) which had never pre- 
viously been significantly reactivated (19). The 
hydroxamic acid is not of course highly nucleo- 
philic but it is rather the conjugate base, the 
hydroxymate zwitterion, which is the reactivator. 

We were thus greatly encouraged in our conten- 
tion that a hydroxylamine derivative could be 
designed to exploit the binding and orienting 
properties of the active site and its surroundings. 
Evidently what we want is a molecule which will 
be bound to the inhibited enzyme in such a way 
that the nucleophilic oxygen atom will fall one 
bond length from, and directed toward, the 
phosphorus atom. In addition the molecule 
should be ‘rigid,’ that is it should have a very 
few and preferably only one probable configura- 
tion so that it is necessarily bound in the correct 
configuration and there will be little loss of 
configurational entropy. 

Several hydroxamic acids were studied and it 
was found that picolinohydroxamic acid was 20 
times more active than nicotinohydroxamic acid 
methiodide (20). The fact that aromatic rings 
contribute quite strongly to binding suggests 
that the ring will be bound in some one orienta- 
tion. Then the position of the carbon atom in the 
side chain is also fixed, but the nitrogen atom 
and the nucleophilic oxygen atom are not fixed. 
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Rotation about the bond joining the ring to the 
carbon atom and about the C-N bond in the side 
chain generates a surface of possible oxygen posi- 
tions. From the activity of this compound we 
judge that one of these positions is quite satis- 
factory. 

By introducing a double bond into a side chain 
we can greatly diminish the number of configura- 
tions, and if we have not excluded the ‘correct’ 
one we can, all else being equal, expect to obtain 
a more active compound. Two geometric isomers 
are possible but they do not between them cover 
all the original positions. The odds are therefore 
against us but it is just this situation which makes 
the return greater if we should win. 

The resulting compounds are the syn and anti 
pyridine-2-aldoxime methiodides, the conjugate 
bases (zwitterions) of which are shown below. 


‘ee, ‘an O- 
| N—o- | N 
wo @ WG V4 
CH; I bu, i 
syn anti 


The syn compound was inactive but the anti 
compound proved to be amazingly active; 104 
times more active than the hydroxamic acid and 
almost a million times more active than hydroxy]l- 
amine. 

The configuration of this oxime is even more 
restricted than our discussion has so far indicated. 
Resonance between the oxygen atom and the 
ring tends to fix the oxygen atom in the plane of 
the ring. Of the two possible positions, the one 
not shown is improbable because it would involve 
overlap with the methyl group. There is, there- 
fore, only one probable configuration, and evi- 
dently it is the right one. 

We then undertook to confirm this conclusion 
by finding the position of the phosphorus atom. 
We proposed to do this by studying the binding 
of competitive reversible inhibitors (21, 22). It 
was already known from the greater binding of 
phenyltrimethyl ammonium ion (I) as compared 
to tetramethyl ammonium ion that an aromatic 
ring makes a large binding contribution and is 
therefore very probably bound in one definite 
orientation. ‘Rigid’ molecules are apt to yield 
the most information and in this connection the 
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dimethyl carbamate of 3-hydroxypheny]l tri- 
methyl ammonium (II) is most useful. 


O N(CHs3)2 
Z™ we mh 

) C 
| 

| 

rc O 

+N(CHs)s +N(CHs)3 
I II 


This compound is an extremely good inhibitor 
and is more than 3000 times as well bound as I. 
The binding contribution of the carbamate 
function is believed to arise largely from the 
formation of a covalent bond between the basic 
group of the esteratic site and the carbonyl 
carbon atom. This conclusion is based upon the 
ease of addition of nucleophilic agents to carbony! 
compounds in general and upon the correlation of 
electrophilic properties in a series of inhibitors 
and substrates with binding strength (13, 23). 
This conclusion is also supported by the forma- 
tion of an acyl enzyme in the enzymic hydrolysis 
of substrates and by the decline of inhibition in 
acid media, a fact which can be readily explained 
by the conversion of a basic group with a pK, of 
about 6.7 to its conjugate acid. This is about the 
same value required to account for the decreased 
enzymic hydrolysis rate in acid solution. 

Therefore if we can locate this carbon atom we 
shall have the position of the carbonyl carbon 
atom in the enzyme substrate complex and in 
the acyl enzyme and—what is most pertinent for 
this discussion—we shall have the position of 
the phosphorus atom in the phosphoryl enzyme. 
In the molecule of II there is surely a fair amount 
of resonance between the phenolic oxygen atom 
and the ring, so that this bond has partial double 
bond character and the carbonyl carbon atom 


i ns ll 


c (3.4,33,0) 


+N *N x 





Ila IIb 


Fig. 3. Representation of the acetyl-enzyme 
and dialkylphosphoryl enzyme. 
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! S of = ) 

i A Z oO” 
+ aa + 

ae | 

H 

CH; CHs CH; 

2—PAM 4—PAM 3—PAM 


Fig. 4. Relationships between 2-, 3- and 4- 
PAM and the phosphorus atom of the dialkyl- 
phosphoryl enzyme. 


must lie in the plane of the ring. With this 
restriction there are only two relative positions 
possible. 

Pyridine-2-aldoxime methiodide (antz) satisfies 
our theoretical requirements if disposition b is 
correct. Let us define Cartesian coordinates based 
upon bound II. Take the origin as the anionic 
site—this is the position of the quaternary nitro- 
gen atom. Take the y axis as the direction of the 
axis of the benzene ring and of the nitrogen ring 
bond and finally the x, y plane as the plane of 
the ring. Then the coordinates of the carbonyl 
carbon atom in disposition 6b are 3.4, 3.3, oA. 

If we now place 2-PAM (anti), 3-PAM (anit) 
and 4-PAM (anti) and the phosphorus atom (at 
3.4, 3.3, 0) on this coordinate system we find the 
relationships indicated in figure 4. 

Resonance again gives us planar molecules so 
that we have only two dispositions for each 
compound.? In the case of the 4-derivative the 
two dispositions would be identical in the un- 
bound molecule and we therefore have only one 
position for the nucleophilic oxygen. In the 
2-derivative only one of the dispositions is 
probable as we have already indicated. The 2- and 
4-derivatives appear to be very satisfactorily 
oriented—the nucleophilic oxygen falls one bond 
length from and directed toward the phosphorus 
atom. Then not only the 2- but also the 4-deriva- 
tive should be very active, and it was so found, 
but the 2-derivative was 40 times better. This 
could not have been anticipated from this simple 
theory. Both dispositions of the 3-derivative are 
evidently completely unsatisfactory and _ this 
derivative is inactive. These observations very 
strongly suggest that the 6 configuration of II 
was correct. But this is what we wish to prove by 


2 We are not considering the dispositions ob- 
tained by rotation of 180° about the y axis. 
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a method which does not involve reactivators. 
We therefore undertook studies starting with 
3-hydroxyphenyl trimethyl ammonium ion III 
to explore this question further. 


H 
~ 
O y O. 

NA us S/ “a 
or ae 

| | 
*N(CHs3)3 *N(CHs3)3 
Illa IIIb 


The hydroxyl group contributes a factor of 120 
or 3.5 Keal. to binding. The phenolic group lies 
in the plane of the ring and again only two 
dispositions are possible. These configurations 
are not equally probable because the molecule 
is not symmetrical and in configuration b the 
O—H dipole is less favorably oriented relative to 
the electric field originating in the ammonium 
group. This effect is small and it was estimated 
that the probability of 6 is 0.4, instead of 0.5. 
Hence the energy difference between (a) and (6) 
can be neglected. 

The large binding contribution of the phenolic 
group could hardly arise from any interaction 
other than a hydrogen bond. This conclusion is 
strengthened by the fact that the binding con- 
stant decreases in alkaline solution, pH > 8, 
where the phenolic group is dissociated, in con- 
trast to the binding constants of simpler quater- 
nary ions such as I which do not change. Also the 
3-methoxy derivative of I is only slightly better 
bound than I and about as well bound as the 
3-methy] derivative. 

We have seen that there is an essential basic 
group in the esteratic site (G) and it would 
certainly be reasonable to assume that this is the 
group with which the hydrogen bond is formed. 
This group must be in the general direction of 
the O—H bond and about 2.7 A from the oxygen 
atom. We can therefore arrive at an approximate 
position of the esteratic site G if we can decide 
between the two configurations. This decision 
can be made in two ways. First if III a is correct 
introduction of a CH; group in the 4 position (V) 
will prevent the hydrogen bond from forming by 
forcing the structure into the IIIb configuration 
and the binding contribution of the hydroxyl 
group will be lost. On the other hand if this 
should be the correct configuration the binding 
constant will be increased by two factors: 1) the 
intrinsic contribution of a methyl group in the 
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4 position which was found to be represented by a 
factor of 1.25, from the comparison of 4-methyl- 
phenyl! trimethyl ammonium ion (IV) with I; 2) 
the probability of disposition b is increased from 
0.4 to 1.0, a factor of 2.5. Therefore if IIIa repre- 
sents the correct structure, 4-methyl 3-hydroxy- 
phenyl! trimethyl ammonium ion (V) 


CH; CH; 
O 
ne gl ai a: 
Oss, 
ae iis 
*N(CHs)s *N(CHs)s 
IV V 


should be only very slightly better than I, but 
if IIIb is correct it should be 1.25 xk 2.5 x 
120 = 370 times better than I, which was in fact 
found to be the case. Therefore IIIb is correct. 

This conclusion was confirmed by measuring 
the binding of 4-hydroxyphenyl trimethyl am- 
monium ion and 2-hydroxylphenyl trimethyl 
ammonium ion. Assuming IIIb to be correct we 
conclude that the 4-hydroxy compound cannot 
form the hydrogen bond and its binding constant 
will not be very different from that of I. This was 
found to be true—it was 1.1 times better. But 
the 2-hydroxy derivative might well be consider- 
ably better than I and it was found to be 7 times 
better. We therefore know that the 6 configura- 
tion of III is correct and we have approximately 
fixed the position of G. Now return to the di- 
methyl carbamate, compound II. It is clear from 
the approximate position of G which has already 
been selected that configuration IIb will have to 
be selected if the carbonyl carbon atom is to 
form a covalent bond with G. This conclusion is 
strengthened by the observation that the di- 
methyl carbamate of the 2-hydroxy derivative is 
also a very good inhibitor and that in this case 
the carbamate function contributes a binding 
factor of about 300. 

We return now to the pyridine-aldoximes. It 
remains to show that no large intrinsic difference 
exists in the activity of the 2-, 3-, and 4-deriva- 
tives. In their reaction with p-nitrophenyl acetate 
and ethyl methylphosphono fluoridate (Sarin) 
there is a spread of only a factor of 2 in reaction 
rate among the three compounds. The syn com- 
pound of 2-PAM (the only one sufficiently stable 
to study; they are readily transformed into the 
anti configuration) also reacts rapidly with 
nitrophenyl acetate but as anticipated from the 
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spatial relationships is not active in reactivating 
inhibited acetylcholinesterase. 

If we consider the reactivation of an enzyme 
such as chymotrypsin where no molecular com- 
plementarity would be expected between the 
enzymes and the pyridine aldoxime methiodides, 
we should not expect these compounds to be very 
active and there should be no great distinction 
among them. Two days at high concentration are 
required to reactivate chymotrypsin and as ex- 
pected all are about equally active. 

It would appear possible to further increase the 
activity of 2-PAM and 4-PAM by introducing 
other binding features provided we do not thereby 
spoil the orientation. In general, diquaternary 
ions are much better reversible inhibitors of 
acetylcholinesterase than monoquaternary am- 
monium ions. Poziomek, Hackley and Steinberg 
(24) utilized this principle and introduced a 
second quaternary center in the molecule. The 
bisquaternary derivatives of 4-PAM (V) 


HC=NOH HC=NOH 
| | 
| 


\nZ \nZ 
| 


| 
| 





—(CH»)n 


which they prepared are very much more active 
(in the sense of reactivating at lower concentra- 
tions) than the monoquaternary pyridine 
aldoximes (24). 

It is our thought that the principles of molecu- 
lar complementarity which we have used in this 
work will come to play an increasingly important 
role in the study of the interactions of proteins 
with small molecules and in the design of drugs. 
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CONCLUDING REMARKS 


The third lecture of the Joint Session was to 
have been given by Dr. Seymour Benzer of Purdue 
University, Lafayette, Indiana, on ‘‘The Fine 
Structure of the Gene’’. Because of illness Dr. 
Benzer was unable to attend the meeting. In his 
place Dr. Francis H. C. Crick, who was originally 
scheduled to be Chairman of the Joint Session, 
gave a brilliant lecture, summarizing the main 
features of Benzer’s work and offering his own fore- 
east of the progress of research in biochemical 


genetics during the next few years. This remark- 
able address was delivered on very short notice, 
and here we can only record the fact that it was 
given; no written record exists. Those who wish 
to know more of this remarkable work, as it stood 
a little while ago, may be referred to the article 
by S. Benzer in “‘A Symposium on the Chemical 
Basis of Heredity’, edited by W. D. McElroy and 
Bentley Glass, Baltimore: Johns Hopkins Press, 
1957, pp. 70-93. 
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DISTRIBUTION OF EXPERIMENTAL BIOLOGISTS 
IN THE UNITED STATES' 


Ruts C. HABEL AND ELEANOR M. OLSON 


Federation of American Societies for Experimental Biology, Washington, D. C. 


etn biographical information on experi- 
mental biologists at the post-doctoral level 
collected in 1956 by the FASEB register was 
analyzed in a previous publication.2? Methods of 
collection and evaluation, types of data and ex- 
tent of coverage were described there. 

Due to continual changes in location and 
status of registrants, 14,400 requests for current 
information were mailed in September 1958. Of 
11,400 responses received by March 1959, 9,281 
were from post-doctoral scientists working in 
the continental United States. The analysis of 
geographical distribution presented in this re- 
port is based on information obtained from this 
post-doctoral group. 

The geographical distribution of these biolo- 
gists by employer, primary function and field 
is presented. The incidence figures are subdivided 
according to the nine geographical regions as 
established by the U.S. Bureau of Census. The 
relative distributions are compared on a per- 
centage basis and related to population densities 
by ratios. All population figures are those pub- 
lished by the Bureau of Census as estimates for 
July 1, 1958. 

Table 1 and figure 1 compare the percentage 
distribution of experimental biologists by regions 
with that of the general population. The Middle 
Atlantic region has 19.1% of the total population 
of the United States. Its population of biologists 
is 26.1% of all the biologists of the United States. 
The West South Central region has 9.5% of the 
total population and its population of biologists 
is 4.5% of the total number in the United States. 
The distribution of biologists in relation to pop- 
ulation can be expressed as the ratio of number of 
population per scientist. These vary in the differ- 
ent regions from 1:12,700 in New England to 
1:39,700 in the West South Central states (see 
fig. 2). 

1 Preliminary report. 

2 “Analysis of National Register of Scientific 


and Technical Personnel Data for Experimental 
Biologists,’’ Fed. Proc. 17: 781-786, 1958. 


TABLE 1. DISTRIBUTION OF EXPERIMENTAL BIOL- 
OGISTS IN THE U. S. POPULATION IN 1958 By 
GEOGRAPHIC REGIONS 























f - 

a hii fora No. of fora | Rat 
egion lation? U.S. Biol- -S. | Popula- 
Popu- | ogists | Biol- tont 

lation ogists 
New England....... 9.961 5.8 788 8.5 | 12,640 
Mid. Atlantic....... 33.079 19.1 2,420 26.1 13,660 
E. No. Central......| 35.620 20.6 1,776 19.1 20,056 
W. No. Central..... 15.390 8.9 641 6.9 | 24,009 
South Atlantic......| 25.352 14.6 1,742 18.8 14,553 
E. So. Central......| 11.946 6.9 320 3.4. | 37,331 
W. So. Central...... 16.538 9.5 417 4.5 39,659 
Mountain...........| 6.495 3.7 238 2.6 27,289 
Pacific .| 18.879 10.9 939 10.1 20,105 
Total, U.S. 173.260 | 100 9,281 | 100 18,668 





* Figs. expressed in millions. 
+t No. of population per biologist (Ex.: 1 biologist per 12,640 
population, N. E. region). 


Table 2 shows that there are over three times 
as many biologists east of the Mississippi river 
as west of it. The ratios of population per scien- 
tist, however, are 1:16,000 and 1:26,000 re- 
spectively. 

Table 3 shows the distribution of biologists 
within regions by type of employer. Of the total 
number of biologists in the United States, 56% 
are employed by universities. Government 
employs 15%; non-profit 12%; industry 10%. 
A small category not included in the table is 
made up primarily of those who are self-em- 
ployed (663; 7%). There is one biologist employed 
by a university for every 33,100 of our general 
population. The two extremes of distribution are 
in New England (19,500) and in the East South 
Central region (57,400). A greater variation be- 
tween regions exists in respect to biologists 
employed by the Federal Government. The ratio 
of biologists so employed in the country as a 
whole is one in 126,000. However, this ranges 
from 28,300 in the South Atlantic region to 
496,000 in the West North Central states. Figures 
for the South Atlantic region are influenced by 
the location of many major Federal installations 
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with scientific activity in Washington, D.C. states, and fewer in the two South Central areas, 
and adjacent areas. Those employed by non- Industry employs one biologist in 183,000 popu- 
profit institutions average one in 160,000. It is lation, but this varies markedly from area to 
apparent that relatively greater numbers of area, the extremes being one in 70,200 in the 
biologists are employed by non-profit organiza- Middle Atlantic to one in 3,307,600 in the West 
tions in New England and the Middle Atlantic South Central. 
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areas, Table 4 shows the distribution of biologists Central area. Teaching involves 23% of all 
popu- within regions by primary function. In the experimental biologists, and in this category 
ea to country as a whole, 54% of experimental biolo- there is not such marked variation between 
n the gists or one in 34,400 are engaged primarily in regions. Thirteen percent of the respondents are 
West research. However, the extremes by regions show _ concerned with administration, or one in 150,000. 


that there are relatively five times as many so However, in the South Atlantic region this figure 
engaged in New England as in the West South _ is one in 89,000. This region contains administra- 
tive headquarters of the Federal Government 

TABLE 2 and many non-federal administrative activities. 

| l The only other region which approaches this 




















> No. of ae 
Grouping of Regions | Popaintion Biolo- prtiction Proportion is the Middle Atlantic area containing 
Sam | major headquarters for private, industrial and 
West of the Mis- | philanthropic non-profit groups. 
sissippi.......| 57,302,000 | 2,235 | 1:25,638 The line graphs (fig. 3) compare the ratios of 
East of the Mis- | ae ee Sa Na - : 
sera bo | scientists in different special fields to population 
ibd tie | Videddacenacanll Ovidsiia® Goereecoud of the nine regions and of the total United States 





TABLE 3. REGIONAL DISTRIBUTION OF EXPERIMENTAL BIOLOGISTS BY EMPLOYER 















































| Universities Federal Govt. Non-Profit Industry 
| 
Retion | Ratio | | Ratio Ratio Ratio 
| No. % in , No | % in A No. % in : No. % in| 
pop | pop. pop. | pop. 
— ier |—— es betes 
New England....... 511 | 65 | 19.5 | 39 | 5 | 255.0 162 | 20; 61.5) 21 3 | 474.3 
Mid. Atlantic. .....| 1,209 50 | 27.4 | 83 3 | 398.5 417 | 17 79.3 | 471 20 70.2 
E. No. Central. ....| 1,028 | 58 | 34.6 | 99 6 | 359.8 203 | 11 | 175.5 | 319 18 111.7 
W. No. Central..... 491 77 | 31.3 | 31 | 5 | 496.5 58 9 | 265.3 36 5 427.5 
So. Atlantic........ 633 36 | 40.1 | 896 51 28.3 102 6 | 248.5 42 3 603.6 
E. So. Central...... 208 65 | 57.4 | 66 | 20 | 181.0 22 7 | 543.0 15 5 796.4 
W. So. Central..... 325 78 | 50.9 | 42 | 10 | 393.8 27 7 | 612.5 5 | 1 |3,307.6 
Mountain........... 159 67 | 40.8 | 38 | 16 | 171.0 20 8 | 324.8 : Ales Sie 324.8 
ADIN lS eek 657 70 | 28.7 | 78 | 8 | 242.0 68 7 | 277.6 36 4 524.4 
SR cesocacihinrikek | 5,221 | 56 | 33.2 1,372 | 15 | 126.3 | 1,079 | 12 | 160.6 | 946 10 183.2 








* Number of population per biologist expressed in thousands. (Ex.: 1 biologist employed in univ. per 
19,500 population, N. E. region). 


TABLE 4. REGIONAL DISTRIBUTION OF EXPERIMENTAL BIOLOGISTS BY PRIMARY FUNCTION 






























































Research | Teaching Administration Clin. Inves. Other 
ai | | Ratio | Ratio Ratio 
1 No. 4. Me) Nes % in No. % in No. | % No. | % 
| Pom? | | Pop.* pop.* 
—| | ——, — — | | ——|—_ 
New England........ 463 | 59 | 21.5 186 | 24! 53.6 62; 8] 160.7; 65) 7 13 }':2 
Mid. Atlantic........ | 1,393 | 58 | 23.7 433 | 18 | 76.4 329 | 138 | 100.5 | 195 | 8 | 70) 3 
E. No. Central....... 971 | 55 | 36.7 392 | 22; 90.9 228 | 13 | 156.2 | 119| 7 | 66) 3 
W. No. Central......| 281 | 44 | 54.8 235 | 37 | 65.5 65 | 10 | 236.8; 44] 7 16 | 2 
Bo: Atiantie: 0 3). 1,009 | 58 | 25.1 285 | 16 | 89.0 282 | 16] 89.9|117| 7 | 49} 3 
E. So. Central.......| 166 | 52 | 72.0 106 | 33 | 112.7 28 | 9 | 426.6) 16)| 5 4! 1 
W. So. Central....... 166 | 40 | 99.6 181 | 43 | 91.4 39 | 10 | 424.1 | 25/ 6 6} 1 
Mountain... ....:... 115 | 48 | 56.5 82 | 35 | 79.2 18 | 8 | 360.8; 15] 6 8| 3 
REI Soko eu gee 472 | 50 | 40.0 253 | 27 | 74.6 104 | 11 | 181.5] 87] 9 | 23) 3 
EE iis | 5,036 | 54 | 34.4 | 2,153 | 23) 80.5 | 1,155 | 13 | 150.0 | 683 | 7 | 254 | 3 
4 No. of population per biologist expressed in thousands. (Ex.: 1 biologist in research per 21,500 





population, N. E. region). 
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(the longer the line the fewer scientists in that 
field per unit population). The ratios for the New 
England region exceed the national average in 
all fields except nutrition. The ratios in the 
Middle Atlantic and South Atlantic areas exceed 
the national averages in all fields. By contrast 
the East South Central, West South Central and 
Mountain regions are below the national aver- 
ages in all fields. The East North Central region 
has average ratios in biochemistry and micro- 
biology; lower than average in physiology, pa- 
thology and general biology; higher than aver- 
age ratios in pharmacology and nutrition. In the 


errr, 
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West North Central states nutrition is the only 
field meeting the average ratio for the total 
United States. In the Pacific area the fields which 
equal the national average ratio are physiology 
and biochemistry; general biology exceeds it; 
pharmacology, pathology and nutrition are below 
average. 

Geographic distribution of post-doctoral bi- 
ologists is but one segment of the information 
obtained in the 1958 survey. Analyses of various 
classes of data will be made and published in 
subsequent issues of FeperRaTion PROCEEDINGS. 














FEDERATION BOARD PROCEEDINGS 
1958-1959 


A. EXCELLENT STATEMENT of the problems 
and activities of the Federation Board has been 
given by my predecessor, Alan C. Burton 
(FEDERATION PROCEEDINGS 17: 794, 1958). He 
has covered so much ground and covered it so 
well in this, the first report of its kind, that the 
present report will pass over many topics which 
he discussed, in order to concentrate on certain 
others. 

The Federation Board has the general responsi- 
bility of planning the broad policies for the 
operation of the Federation meetings, of super- 
vising the publication of FrpERATION PRro- 
CEEDINGS and the operation of Beaumont House 
and its grounds, and of making decisions on a 
variety of outside activities in which the Federa- 
tion is involved. Many of the decisions, however 
—for instance, appointments to joint committees 
with other scientific organizations or Government 
agencies, and the choice of delegates to important 
meetings—are presented to the Chairman at 
unexpected times and require prompt action. In 
the past he has perforce handled these problems 
as they arose, using advice from any source 
available to him when he needed it. 

The great change of the last year in the opera- 
tion of the Board has been the establishment of 
the Advisory Committee, which was set up by 
the vote of the Board on April 16, 1958, as Dr. 
Burton has recorded. The Advisory Committee 
is composed of one representative from each of 
the Federation’s 6 Societies, the Chairman of 
the Federation Board being its Chairman ex 
officio. The immediate past Chairman of the 
Board, and the Executive Officer of the Federa- 
tion, Dr. Milton Lee, are ex officio members. 
The Advisory Committee has been given all the 
responsibilities of the Finance Committee and 
the Headquarters Committee. Its primary func- 
tion, however, is to consult with the Chairman 
in the making of decisions in which he needs 
advice, and especially to examine the major 
problems of the Federation, and to formulate 
proposals concerning them for consideration and 
possible action by the Board. 

The inaugural meeting of the Advisory Com- 
mittee was held in a quiet spot near Boston, at 
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Endicott House in Dedham, Mass., for a 3-day 
period, October 11-13, 1958. In spite of the 
beauty of the weather and the surroundings, we 
had little time to appreciate them. Work began 
early on the Saturday morning; it continued all 
day and well into the night on both Saturday 
and Sunday, and the meeting did not break up 
until late on Monday afternoon. This gave an 
opportunity for representatives of all the Societies 
to consider thoughtfully and at length the prob- 
lems of the Federation. A second meeting of the 
Advisory Committee, lasting only one day, was 
held at Beaumont House in Bethesda on January 
21, 1959, and the entire Federation Board met in 
Atlantic City on April 12, 1959. 

Much ground was covered in the long and 
thoughtful discussions of the Advisory Com- 
mittee. One of the most important problems to 
be recognized was the need for continuity in the 
membership of the Committee itself. Hitherto 
the Federation Board Chairman has often come 
to his job with relatively little previous knowl- 
edge of the Federation and its problems. I, for 
example, had never attended a meeting of the 
Federation Board until 5 months before I became 
Chairman. A plan has now been set up whereby 
each member of the Advisory Committee will 
serve for 3 years, concurrently with his term as 
a member of the Board. Each future Chairman 
of the Board will be a member of the Advisory 
Committee from the very beginning of his term 
on the Board, and will not become Chairman 
until his third year. A detailed plan to ensure this 
arrangement has been worked out (see Article 4 
of the revised Constitution of the Federation 
and Article 3, Section 2 of the revised By-laws). 
Each year 2 of the 6 Societies will each designate 
one representative who will serve on both the 
Federation Board and the Advisory Committee, 
serving on both for a 3-year term. It is, of course, 
only once in 6 years that any given Society 
appoints such a member in the knowledge that 
he will be the future Chairman of the Board and 
of the Advisory Committee. The future Chairman 
will know of his future responsibilities from the 
beginning of his term, and he will have 2 years 
of service on the Board and the Advisory Com- 
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mittee before he becomes Chairman. This con- 
tinuity of appointment will give those who serve 
on the Advisory Committee an intimate knowl- 
edge of the Federation and its workings, and will 
help to preserve a continuity of policy which 
has been difficult to achieve under the system 
hitherto prevailing. 

Moreover, it is to be noted that each Society 
is free to choose its representative on the Advisory 
Committee as it sees fit. He may be, but need 
not be, a present or past official of the Society; 
he may be chosen specifically for his knowledge 
of Federation affairs, and his ability to help in 
administering them. It is to be hoped that future 
appointments to the Advisory Committee will 
be made with an eye to the specific needs of the 
job that is to be done by the Advisory Committee 
and the Federation Board. 


MEETINGS 


The general management of the Federation 
meetings is, of course, handled in detail by the 
Federation Office and the Secretaries Committee. 
The responsibility is very great, and grows 
greater year by year. In the Atlantic City meet- 
ings of April 1959, all previous records for size 
were surpassed, with a total registration of 
10,329. In one sense this vast outpouring of 
investigators and visitors is a tribute to the 
phenomenal progress of science and the excite- 
ment of modern developments in biology. On 
the other hand it raises formidable problems of 
which we all are painfully aware. Federation 
meetings are limited to 3 or 4 cities in the United 
States, for no others can accommodate such vast 
gatherings; the sessions are overpoweringly 
numerous, about 2500 short papers and numerous 
symposia being crowded into 414 days; many of 
us are torn by desire to attend 3 or 4 sessions, all 
meeting simultaneously, and are likely to end 
up by attending none of them; instead we may 
spend our time, perhaps more profitably, talking 
with friends in the corridor or on the Boardwalk. 
The younger members of the scientific fraternity 
often feel lost in such a vast assemblage; even 
for the older ones who have many friends they 
wish to see, the crowding and the interruptions 
become increasingly disturbing. How to improve 
the meetings and make them more effective, how 
to keep them from becoming so vast as to be com- 
pletely amorphous, is the almost insoluble prob- 
lem with which the Federation Board and the 
Secretaries Committee wrestle every year. The 
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Advisory Committee at its October meeting 
tentatively suggested extension of the length of 
the meetings to a total of 9 days, with the expecta- 
tion that very few people would stay for the whole 
period. According to this scheme certain fields 
of interest were to be emphasized at the beginning 
of the meetings, others toward the end, with a 
concentration of a range of subjects, of particu- 
larly wide interest, toward the middle of the 
meetings. This scheme was suggested with some 
trepidation—attendance at meetings consumes an 
alarming fraction of the time of many scientists 
already, and one strives not to increase it—and 
was transmitted to the Secretaries Committee 
for their consideration. They, not unnaturally, 
declined to take on such a large extension of the 
scope of the meetings, but decided to begin the 
scientific sessions in Chicago in April 1960 on 
Monday morning instead of Monday afternoon, 
and to extend the meetings through Saturday 
morning if necessary. Even so, with the number 
of papers now being presented at each meeting, 
we shall be hard pressed to find space for all the 
simultaneous sessions; and what we may be 
doing a few years later, as meetings grow still 
larger, remains a riddle. 

Various suggestions have been proposed to 
reduce the number of papers given at the meet- 
ings. Some, for example, would favor allowing 
each member to give, or sponsor, a paper only 
every second year, instead of every year as at 
present. Some have proposed evening sessions, 
while others vigorously oppose them. Other 
schemes have been proposed and are now being 
actively considered by the individual Societies. 
No real answer appears in sight. In developing 
the annual meetings of major scientific organiza- 
tions, as they exist today, we have, in the course 
of years, created a monster, but an indispensable 
monster. We cannot kill him, neither can we make 
him shrink to his more comfortable size of 30 
years ago. 

In choice of location we are practically confined 
to Atlantic City or Chicago; New York is a 
possibility but seems far too confused, with 
headquarters of various Societies in various 
hotels widely scattered, making coordination 
almost impossible. In some quarters there is a 
strong sentiment in favor of holding all future 
meetings in Atlantic City, because of the con- 
venience of the Convention Hall and the avail- 
ability of the Boardwalk for informal meetings 
and discussion. Others feel—and I am inclined 
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to agree with them—that it would be unfortunate 
to fix the meetings of the Federation permanently 
in one place on the East Coast. This seems to 
imply discrimination against our members in the 
Middle West and Far West. At any rate, it has 
been decided that, after the 1960 meeting in 
Chicago, we shall meet for the following 3 years 
in Atlantic City. The meetings of 1964 and 1965 
will be held, one in Chicago and one in Atlantic 
City, the order to be determined by the Executive 
Officer in terms of general availability and 
convenience. 

One of the major problems of organizing the 
Federation meetings arises from the difficulties 
of preparing the program, once the titles and 
abstracts are in. The time allowed to the Secre- 
taries for organizing a coherent program out of 
many hundreds of titles and abstracts received 
is painfully short. It has now been proposed that 
a study be made of a system of programming 
using machine methods with a view to an experi- 
mental trial of this system in 1960, if possible. A 
request has been submitted to the National 
Science Foundation for a grant to support such 
a study, the study to be made by Dr. Richard 
Orr, Executive Director of the Institute for the 
Advancement of Medical Communication, and 
Mrs. Claire Schultz of the UNIVAC Applications 
Research Center, Remington Rand. 

The chief difficulty in the present system of 
programming is the magnitude of the intellectual 
effort demanded of the Society Secretaries for 
acceptable classification of the papers in the 
short time available. The proposed system would 
ask the authors of papers to contribute the in- 
tellectual effort in classifying their papers in a 
detailed way, under a broad range of topics and 
sub-topics. It is based on the premise that authors 
know more about the detailed content of their 
papers than anyone else, and assumes that 
authors will be glad to supply the information for 
programming purposes, provided the task is made 
simple for them, as by checking a code in the 
appropriate places and supplying key words 
or terms. 

Each Federation member would receive, with 
the form for typing his abstract, a prepared 
coding sheet and would be asked to check the 
suitable items for classifying his communication. 
After a brief checking by the Secretary of his 
Society, the classifications would be punched 
on cards or recorded on tape for a computer. The 
programming would then be accomplished, to a 
large extent, by mechanical or electronic sorting. 
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It is intended that in 1960 a program should be 
evolved in this way, while at the same time the 
Secretaries will make up their own programs in 
the usual fashion. The two programs that result 
can then be compared. If the machine or com- 
puter process proves to be valuable, it may in 
future save much time and mental stress to the 
Secretaries. Probably more important, it may 
lead to a better arrangement of papers in sessions 
and avoidance of many conflicts among sessions 
that all deplore. Of course it is still too early to 
know how successful this scheme may prove to be. 

An additional possibility from the use of 
machine or computer is that of arranging the 
published abstracts in a classified subject order, 
rather than alphabetically by first author and 
Society of origin. There is also a possibility that 
the machine can prepare a classified subject index 
better than those of the past. 


FINANCES OF THE FEDERATION 

The annual Federation budget is now well in 
excess of a quarter of a million dollars. Income 
and expenses both continue to mount year by 
year as meetings grow larger. Exhibits A and B 
(p. 770) show our financial condition at the end 
of 1958 and results of operations for that year. It 
is to be noted that the operations at Beaumont 
House include not only Federation affairs but 
also the editorial operation and publication of the 
Journals published by the American Physiological 
Society, which repays the Federation for its 
portion of the business services provided by the 
staff in Beaumont House. The current budgets 
show a slight balance of income over expendi- 
tures, of the order of $7,000 per year. Such a 
balance is essential, both to maintain a contin- 
gency fund to provide for unexpected needs and 
to pay off the mortgage on the Beaumont House 
estate. 
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The size of FepERATION PROCEEDINGS con- 
tinues to grow. This is especially due to the 
increase in the number of symposia published 
each year. One outstanding series of such sym- 
posia was published in the December 1958 issue, 
and the number published is almost certain to 
increase in future. In 1958 approximately 1500 
pages were published. The price of $8 per year 
to non-member subscribers is extremely small. 
In terms of cost per word to subscribers, FEDERA- 
TION PROCEEDINGS is one of the least expensive 
of all scientific journals, and it cannot afford to 
continue providing this material at such a low 
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rate. It will be necessary to raise the subscription 
rate for non-members to $12 per year in 1960, 
setting the Federation assessment on the member 
Societies at the rate of $6 per active member. 

It is contemplated that a new format for 
FEDERATION PROCEEDINGS will be adopted in 
1960, the page size being increased to 8!4 x 11 
inches, and that the program will be issued as 
a supplement to FEDERATION PROCEEDINGS. 

The abstracts for the 1959 spring meeting were 
prepared under the supervision of the authors 
themselves, by typing on the forms provided 
by the Federation Office, 4 of these abstracts 
being placed on each page of the March 1959 
issue of FepERATION PRocEEDINGS. The authors 
were, in general, remarkably successful in prepar- 
ing abstracts which could be used for direct re- 
production in the publication. Only a very small 
number of abstracts required retyping, for which 
a $5 fee was charged to the authors. The scheme 
has therefore proved very successful and will be 
continued next year in essentially the same 
form. The Federation expresses its thanks for the 
truly wonderful cooperation that was given by 
authors this year. 

Interestingly, several other scientific organiza- 
tions have noted this experiment of the Federa- 
tion and are planning to adopt the system of 
direct reproduction of authors’ abstracts. 

Miss Sara Leslie, by action of the Board and 
the Secretaries Committee, has been appointed 
Executive Editor of FEDERATION PROCEEDINGS. 
This title recognizes the very important part 
which she has played, and is playing, in the man- 
agement of the publication. 

PLACEMENT SERVICE 

The activities of the Placement Service, ex- 
cellently stated last year in Dr. Burton’s report, 
have continued on a gradually increasing scale 
and with all their former effectiveness. At the 
April meeting in 1959, 1,099 interviews were 
arranged, with many successful results. We are 
indebted, as before, to the Executive Officer and 
especially to Mrs. Letha Andervont, who is in 
charge of the Placement Service activities, for 
the excellent functioning of these complex 
operations. 

PUBLIC INFORMATION PROGRAM 

For many years the National Society for Medi- 
cal Research, in conjunction with the Public 
Information Committee of the Federation, and 
with voluntary services from the National 
Institutes of Health and other agencies, has 
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operated a public information program for the 
press and public in connection with the Federa- 
tion meetings. The cost of this program has been 
very modest, and the work involved has been 
heavy, both for the NSMR and for the Chairman 
of the Public Information Committee of the 
Federation. The Federation Board has repeatedly 
considered a much expanded public information 
program which might achieve a far broader scope 
than what is involved simply in public informa- 
tion concerning the Federation meetings. Others 
have felt that such a broadly expanded program 
would be unwise, and outside of the proper scope 
of the Federation activities. In the spring of 1959 
a more modest proposal was authorized by the 
Board, aiming at the establishment of a public 
information program on a professional level, its 
activity to be centered around the annual meet- 
ing. The Executive Officer has been authorized 
to negotiate this arrangement with a capable pro- 
fessional individual at a total cost of $6,000. 
Negotiations have been begun, and it is hoped 
that an arrangement may be achieved which 
will provide an expanded information program 
at the 1960 annual meeting. However, it is still 
too soon to say whether such an arrangement 
can be effectively achieved. 


CONTRACT ACTIVITIES OF THE FEDERATION 


1. Scientific Register. This is a continuing 
activity of the Federation, based on a contract 
with the National Science Foundation. The 
Federation has _ successfully obtained and 
analyzed a very large amount of data concerning 
investigators in the biological sciences and has 
maintained an outstanding position in doing 
this job. 

2. Handbook of Biological Data. The Division 
of Biology and Agriculture of the National Re- 
search Council has recently requested the Federa- 
tion to assume the responsibility for compilation 
and publishing of future volumes of the Handbook 
of Biological Data. The National Research Coun- 
cil, which is primarily an advisory agency, 
wishes to pass on this responsibility to an operat- 
ing agency and the Federation Board has 
accepted the responsibility. The future operations 
of the Handbook will be administered by a Com- 
mittee which is now being formed. 


SOME OTHER ACTIVITIES OF THE 
FEDERATION BOARD 


In the spring of 1958 Dr. Philip Handler was 
authorized to speak on behalf of the Federation 
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in testimony before a Congressional committee, 
to urge increased support by the Federal Govern- 
ment of ‘non-categorical’ research under the 
auspices of the U. 8. Public Health Service. 
His testimony was impressive and effective, 
and almost certainly played a significant part in 
the appropriations voted by the Congress last 
year. In April 1959 Dr: Handler was authorized 
to appear before a Congressional committee to 
speak on behalf of the Federation, carrying with 
him the following resolution from the Board: 
“Whereas the progress of medicine rests in- 
creasingly upon advance in fundamental research 
in biological and medical science, therefore be it 
resolved that the Board of the Federation of 
American Societies for Experimental Biology 
strongly endorses an expansion of the support of 
non-categorical research and training in the 
medical and biological sciences under the auspices 
of the United States Public Health Service.” 
Dr. Handler’s testimony appears again to have 
been highly effective, but at the time of writing 
this report no final legislation has been passed 
by Congress. 

The Federation was invited to send delegates 
to the Second National Conference on World 
Health in Washington on May 7, 8 and 9, 1959. 
The following delegates were appointed by the 
Chairman and attended the meeting: Milton 
Lee, Joseph Smadel, Kenneth Endicott and 
R. K. Cannan. 

The Scientific Manpower Commission has been 
asked to appoint a subcommittee for the study 
of Government contract procedures and the 
utilization of scientific and engineering man- 
power to work with a related committee of the 
Engineering Manpower Commission. Dr. Charles 
8. Davidson of Boston City Hospital has been 
appointed by the Federation to serve on this 
subcommittee. 

In April 1959, it was voted that the Federation 
accept the invitation to become a National 
Associate Member of the Council of International 
Organizations in the Medical Sciences (CIOMS). 
CIOMS was founded in 1949 in Brussels, under 
the auspices of UNESCO and WHO. The aims 
of this organization are “to facilitate exchanges 
of new and scientific information in the medical 
sciences by securing continuity and coordination 
between international. associations of medical 
sciences by making their work known and by 
furnishing to them material aid when necessary.” 
Its activities consist of interdisciplinary symposia, 
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post-graduate courses, travel grants to young 
research workers, coordination of conferences 
and congresses, and standardization of medical 
nomenclature and technique. Twice a year it 
publishes a bulletin entitled Calendar of Inter- 
national Medical Congresses. Headquarters of 
CIOMS is at 19 Avenue Kleber, Paris 16. 


BEAUMONT HOUSE AND ITS ESTATE 


The remaining land owned by the Federation 
at Beaumont House, which now amounts to 11 
acres, is a beautiful piece of land and is strategi- 
cally located on Wisconsin Avenue in Bethesda, 
Various groups have approached the Executive 
Officer from time to time with offers to buy a 
portion of the land. The Advisory Committee 
has been authorized to explore these offers cau- 
tiously but to make no definite commitments 
without approval by the entire Board. It is the 
general sentiment of the Board that the Federa- 
tion should exercise the greatest care in keeping 
the property unencumbered and that it is ex- 
tremely important that all the property be re- 
tained for growing Federation activities. 


SCOPE AND RESPONSIBILITIES OF THE FEDERATION 


Different members of the Federation have held 
widely divergent views concerning its scope and 
responsibilities. At one extreme is the view that 
the Federation is simply a service organization, 
set up to coordinate the activities of the 6 Socie- 
ties during the Federation meetings and to man- 
age the publication of FepERATION PROCEEDINGS. 
Others have held that the Federation should 
expand its activities greatly with respect to 
publication, dissemination of scientific informa- 
tion in the field of biology, and to the administra- 
tion of various contracts for promotion of 
scientific research and teaching. In the view of 
these advocates it should also become an in- 
portant agency for cooperating with, and 
promoting, the scientific activities of the Federal 
Government. The status of the Federation is at 
present somewhere between these two extremes. 
Its major responsibility still centers around the 
annual meeting and the publication of Freprra- 
TION PROCEEDINGS, but it has also taken on a 
number of contract activities, some of which have 
been discussed earlier in this report, and the 
Federation Board is giving serious consideration 
to the possibility of taking on some additional 
publications. It is certainly conceivable and 
quite possible to do much more than is being 
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done now. To one who looks back over the record 
of the last 10 or 15 years it would appear that 
the Board has followed a somewhat zigzag course, 
shifting its approach from year to year according 
to the dominant interests and beliefs of the cur- 
rent management of the Board, and _ the 
sometimes conflicting views of the representatives 
of the constituent Societies. Continuity was 
difficult to maintain, since the Chairman held 
office for only one year and frequently came to 
his job with relatively little experience of the 
problems of the Federation. This point has been 
discussed earlier in this report. The Advisory 
Committee and the Board itself have devoted 
considerable time and thought this year to these 
general problems. They have asked themselves 
the question: ‘Where is the Federation going, 
where do we want it to go, and how far?’ These 
deliberations have not led to clearly defined 
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policy, but a basis has been laid for thinking 
on the subject, and the Advisory Committee 
will continue its careful exploration. No sudden 
and dramatic change in the policy of the Federa- 
tion is to be expected. The major need is con- 
tinuity of planning, and there is good reason to 
believe that this can be provided, more effectively 
than in the past, by the new arrangements for 
continuity of membership on the Board and on 
the Advisory Committee. 

May I conclude with a brief word of apprecia- 
tion to Dr. Milton Lee, to Mrs. Ann Nixon and 
to Miss Sara Leslie and to the other members of 
the Federation staff who work with such steady 
effectiveness and devotion to maintain the con- 
tinuing work of the organization while Chairmen 
come and go. 

Joun T. EDSALL 








FINANCIAL REPORTS FOR 1958 


EXHIBIT A. BALANCE SHEET—DECEMBER 31, 1958 


Assets: 
Cash in banks $40 , 602 
Accounts receivable 44,337 
Building and loan deposits 16,743 
Inventory of books and supplies 4, 580 
Prepaid expenses 26 , 728 
Land, buildings and equipment (less accumulated depreciation of $31,266) 168 , 828 
Trust fund investments at cost (market value $31,800) 18,746 
Total Assets $320, 564 
Deduct—Liabilities: 
Accounts payable and accrued expenses $39 , 003 
Mortgage payable 42,000 
Deferred income 124 , 084 
Total Liabilities $205 , 087 
Net Assets, Representing Fund Capital (per Exhibit B Below) $115,477 


EXHIBIT B. STATEMENT OF INCOME AND EXPENSES AND FUND CAPITAL 
FOR YEAR ENDED DECEMBER 31, 1958 


Income: 
FEDERATION PROCEEDINGS: 


Assessments on member societies $20, 324 
Subscriptions, advertising, reprints, etc. 74,405 
Annual meeting 94,731 
Placement information service 19, 504 
Grants and Government contracts 39,779 
Rental income 5, 869 
Dividends and other income 2. 499 
Total Income $257 , 111 
Expenses: 
Salaries, wages, Social Security, group insurance, and pension $126 , 295 
Printing and engraving 51,022 
Advertising and exhibit commissions 23 , 284 
Projection and public address services 7,945 
Professional and other personal services 5,972 
Rentals of meeting rooms, exhibit halls and equipment 10,013 
Supplies and duplicating (less duplicating services charged to other activities $10,149) 4,445 
Communications, shipping and travel 21 , 037 
Operation and maintenance of buildings, grounds, and equipment 20, 361 
Other expenses and ‘supplies 5, 252 
$275 , 626 
Less: Portion of business services paid by American Physiological Society —32,778 
Total Expenses $242 , 848 
Excess of Income Over Expenses $14, 263 


Fund Capital: 


Balance, December 31, 1957 101, 214 
Balance, December 31, 1958 $115,477 
770 
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Opening Remarks 


H. J. HEINZ II 
Chairman of the Board, H. 7. Heinz Company 


IT IS MY PLEASANT DUTY to extend to each of 
you a warm welcome to Pittsburgh. It seemed 
highly appropriate to us that our dedicatory 
activities for our new Research Center include 
a meeting such as the one we begin this 
morning. The exchange of ideas—the un- 
veiling of thought-provoking observations and 
presentations during the next two days will, 
I am certain, make a lasting contribution to 
the field of nutrition. For the next two days, 
you will find yourselves busily engaged in 
activities which begin early in the morning 
and end rather late at night. It is my earnest 
hope that you find everything which has been 
arranged for this busy program to your 
complete liking. Thank you so very much for 
joining us here in Pittsburgh for the ‘‘Ad- 
vances in Human Nutrition’? Symposium. 
And now it is my privilege to present to you 
the Honorary Chairman of this Symposium. 

Dr. Glen King is no stranger to most of 
you. Having spent 24 years at the University 
of Pittsburgh, he certainly is no stranger to 
us here; and though he has made his home 
in New York long ago, where he is Executive 
Director of the Nutrition Foundation, we are 
always glad whenever he comes back for a 
short while in the line of duty or to address 
us. 

Dr. King received his Bachelor of Science 
degree in chemistry at Washington State 
College. Shortly afterwards he came to the 
University of Pittsburgh, where he earned his 
Master’s and Ph.D. degrees. His work in 
the isolation of pure vitamin C, in the early 
days of what we like to refer to as the ‘Vitamin 
Era’ is well-known to all of you. After his 
stay at the University of Pittsburgh, he be- 
came associated with Columbia University 


where he has held a professorship since the 
end of World War II. Concurrently he became 
the Scientific Director of the Nutrition Foun- 
dation, and eventually its Executive Director. 
He has been and is a special consultant to 
the U. S. Public Health Service, the Surgeon 
General of the Army, and of the Office of the 
Quartermaster General. He has been a mem- 
ber of the Food & Nutrition Board of the 
National Research Council, and has served as 
president of the Society of Biological Chem- 
ists, and of the Institute of Nutrition, and as 
treasurer of the American Public Health 
Association. Last year, he served as chairman 
of the U. S. delegation to the International 
Nutrition Congress in Paris. The awards 
which he has received in recognition of his 
work are as varied as his fields of interest in 
the sciences associated with nutrition. 

In the past year—during which I had the 
privilege of serving as president of the Nutri- 
tion Foundation—I have come to know Dr. 
King better than ever before. Working closely 
with him, I have learned to esteem him not 
only for his many scientific achievements, but 
also to recognize him as an administrator par 
excellence, and to admire him for his bound- 
less energy and personal modesty. It comes 
as no surprise to his friends therefore that 
Dr. King has been elected president of the 
5th International Nutrition Congress, which 
is meeting in Washington in 1960, and that 
he is already deeply immersed in preparations 
for this important event. 

It gives me a great pleasure to introduce the 
honorary chairman of this symposium, a 
highly esteemed co-worker and a close per- 
sonal friend—Dr. Charles Glen King. 

















Opening Remarks 


C. GLEN KING 


Executive Director, The Nutrition Foundation, Inc. 


IN MANY Ways this conference illustrates con- 
temporary American life at its best. The 
spirit of both science and good citizenship is 
here. There is an appropriate regard also for 
both national and international scientific 
work that meets world-wide human needs 
with practical service. The speakers are 
familiar with the value of education and re- 
search to chart new pathways for the years 
ahead. 

It is a pleasure to assure all of you, in case 
you have not had a long acquaintance with 
Mr. Heinz and his company, that he has 
taken a very close personal interest in all 
of the planning for this conference. He has 
wanted it to be just as valuable as possible for 
all who are here to share in the program. 


The speakers will be dealing with topics 
that are basic to mankind everywhere and 
beyond the immediate reach of the conference. 
The papers to be presented will be published 
and given wide distribution within the year, 
for their further educational value. 

From here on the program will be in the 
hands of a series of succeeding chairmen and 
speakers who are so well-known for their 
records of accomplishment in the field of 
nutrition, that we are going to make the 
introductions very brief. 

The chairman of the session this morning 
is well-known to most of our guests—Dr. 
Stuart S. Stevenson, Research Professor of 
Pediatrics at the University of Pittsburgh. 
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